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(57) Abstract: A blended fuel, useful as a diescl fuel, wherein the fuel blend contains an undercut conventional diesel fuel, blended 
with a Rscher-Tropsch derived diesel fuel, such that the blend demonstrates better than expected emissions and a reduced sulfur 
content. In particular, the blend is an asymmetric diesel fuel blend comprising a Fischcr-Tropsch derived hydrocarbon distillate 

^ having a T95 of at least 600 °F, blended with a petroleum derived hydrocarbon distillate having an initial boiling point and a '1^5 no 

^ greater than 640 *'F. 
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LOW SULFUR. LOW BmSSIQN BLENDS OFFlSCHER-TROMnH 
AND CQNVBNnONAI. DTF i^FL PTTPT 

EtELD OF THE INVENTION 

This invention relates to blends of Fischer-Tiopsch derived fuels and 
conventional petroleum fuels. More particularly, this invention relates to a 
blended fuel, useful in a diesel engine which is low in sulfur and demonstrates 
better than predicted emissiotts diaractenstics. 

BACKGROUND 

A concern for fotore diesd fueJs is the ability to produce higgler quality 
and cleans burning diesd faeis without extensive and expenalve reprocessing. 
TVpical factors detrimental to fuel quality are high sulfur, high density, high end 
boiling and T9S points, (the temperature at which most all the msitesnal has 
boiled off, leaving only 5% reniainine in the distillation pot) high aromatic and 
polyaromatic contents. These factors have been shown to have a detrimental 
effect on enaissions. For example, see the Coordinating Research Council 
(ORG) study on heavy duly diesels in the United States reported in SAE papers 
932735, 950250 and 950251, and tbs European Programme on Emissions, Foieis 
and Engine Technologies CEPERE) study on light and heavy duty diesels 
reported in SAE papers 961069, 961074 and 961075. 

In contrast, emissions measurements on Fisch^-Tropsch diesel fuels, 
which have virtually nil sulfur, aromatic and polyaromatic contents demonstrate 
favorable emissions diaracteristics. A report by the Southwest Research 
Institute (SwRT) entitled "The Standing of Fischer-Tropsch Diesel in an Assay of 
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Fuel Performance and Emissions" by Jimell Erwin and Tliomas W. Ryan, in, 
NREL (National Renewable Biergy Laboratory) Subcontract YZ-2-1 13215, 
October 1993, details the advantage of Rscher-Tropsch fiiels for lowering 
emissions M^^ien used neat, that is, use of pure Fischer-Tropsch diesel fuels. 

ftesendy, there remains a need to develop an economic, low sulfur 
distillate fuel blend useful as a diesel fuel which has lowered emissions after 
combustion and allows a greater portion of the distillate to be used as a high 
value premium product. In particular, sulfur levels, emissions of scdid 
particulate mat^ (PM), and nitrogen oxides (NOx) are ixaptatsait due to cuirent 
and proposed environmental regulations. While it has bew disclosed that 
Fischer-Tropsch fuels can be blended with conventional fuels, see for example 
U.S. Patent No, 5,689,031 herein incorporated by reference, the ability to further 
improve such blends with respect to emissions provides a distinct economic 
advantage. 

The citations of the several SAB papers referenced herein are: 
P J. Zemroch, P. Schimmeiing, G. Sado. CT. Gray and Hans-Martin Buighardt, 
"European Programme on Emissions, FueU md Engine TechnologieS'Staiistical 
Design and Analysis Techniques", SAB piKper 961069. 

M. Signer, P. Heinze, R. Mercogliano and J J. Stein, "European Programme on 
Emissions, Fuels and Engine Technologies-Heavy Duty Diesel Study", SAE 
paper 961074. 

D.J. Rickeard, R. Bonetto and M. Signer, ", "European Programme on 
Emissions, Fuels and Engine Technologies-Comparison of Light and Heavy 
Duty Diesels", SAE paper 961075. 

K.B. Spreen, TJL Ullman andR-L. Mason, "Effects ofCetane Number, 
Aromatics and Oxygenates on Emissions from a 1994 Beavy-Duty Diesel Engine 
with Exhaust Catalyst", SAE paper 950250. 
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K3. Spreen, TJ-. UUman and RX. Mason, "Effects ofCetane Number on 
Emissions frem a Prototype 1998 heavy Duty Diesel Engine", SAE paper 
950251. 

Thomas Ryan HI and rimeU Erwin, "Diesel Fuel Composition Effect on IgniHon 
and Emissions", SAE paper 932735. 

M. Hublin. P.G. Gadd. D£. HaU, K.P. Schindler, "European Programme on 
Emissions, Fuels and Engine Tecfmologies-Ught Duty Diesel Study", SAE papei 
961073. 

SUMMARY OF THE TNVENTIQN 

According to an embodiment of this invention is provided a blended fael, 
nsefiil as a diesel fuel, wherein the fuel blend contains an undercut convendonal 
diesel fuel, blended widi a Fischer-Tropsch derived diesel fuel, such that the 
blend demonstrates better than expected emissions and a reduced sulfur content. 
In particular, the blend is an asymmetric diesel fuel blend comprising a Rschei- 
Tropsdi derived hydrocarbon distillate having a T95 of at least 600» F (316** Q, 
preferably at least 650» F (343*» C), myc& preferably at least 700-750" F (371' C- 
399° C), blended with a pe&oleum derived bydiocarboia distillate having an 
initial boiling point and a T95 no greater than 640* F (378** C), pref eaably a T95 
no greater than 600" F (316*» C) wherein the blend has a sulfur content of less 
than 500 wppm. The resultant diesel fuel blend is characterized by an initial 
boiling point ranging from at least 280' F+ (138 C+), preferably at least 300" 
F+ (149" C+), more preferably 320* F+ (160° C+) and aT95 up to about 700" F 
(371" Q, preferably up to about 680" F (360" C), even more preferably up to 
about 660" F (349° Q, siiD more preferably up to about 640" F (378° C) and 



contains: 
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Sulfur 

Polyaromatics 

Cetane number 
Density 



< 500 wppm, preferably < 150 wppm, more 
preferably < 50 wppm, even more preferably < 30 
wppm, 

< 11 wt %, preferably < wt 5%, more preferably < 1 
wt%. 

> 50, preferably > 55, more preSaably >60. 
from about 0.79 to about 0.85 



wherein tlie Fischer-Tropsch distillate comprises 5-90 voL % of the blended 
diesel fuel, preferably 20-80 vol. %, more preferably 30-80 vol. %. 



A typical diesel fUel boils in the range of about 320-700* F. However, 
sulfur lev^ genially increase with boiling point, i.e., heavier diesel derived 
from crude oil has a higher sulfur content than lighter dieseL See Jimell Erwin, 
Thomas W. Ryan, IE, Ute Standing ofFischer-Trapsch Diesel in an Assay of 
Fuel Performance and Emissions NREL (National Renewable Energy 
Laboratory) Subcontract Y2-2-1 13215, October 1993. The blend of the 
invention provides a fiiel having reduced sulfur levels and emissions levels 
lower than those predicted by standard correlations, e.g,, European Frogiam on 
Emissions Fuels and Engine Technologies. SAE Paper 961073, by eliminatmg 
the heavy end of ihe conventional diesel fuel and replacing the heavy end with a 
low sulfitt Fischer-TVopsch derived diesel fuel boiling above the range of a 
normal diesel fiieL In addition to reducing sulfur levels, the diesel fuel blend of 
this invention outperfoiins predicted emissions levels, especially in emissions of 
nitrous oxides. 
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VFTAH Fr) DESCRIPTIQN OF THE INVENTION 

Hie Rscher-Tropsch process is well known to those skilled in the art, see 
for example, U.S. Patent Nos. 5,348,982 and 5,545,674 herein incoipomted by 
reference. Typically the Hscher-Tropsch process involves the reaction of a 
synthesis gas feed comprising hydrogen and caition monoxide fed into a 
hydrocarbon synfliesis reactor in the presence of a Rscher-Tropsch catalyst, 
generally a supported or unsi^rported Group VM, non-noble metal e.g.. Pe, Ni, 
Ru, Co and with or without a promoter e.g., nufaenium, ifaenium and zhconium. 
These processes include fixed bed, fluid bed and slurry hydrocarbon synthesis. 
A preferred Fisdier-Tropsch process is one that utilizes a non-shifting catalyst, 
such as cobalt or ruthenium ormixtuies thereof, preferably cobalt, and 
preferably a promoted cobalt, the promoter being adrconium or rhenium, 
preferably rhenium. Such catalysts are well known and a preferred catalyst is 
described in U.S. Patent No. 4,568,663 as well as European Patent 0 266 898. 
The synthesis gas feed used in the process conq>rises a mixture of and CO 
wherein H2:C0 are present in a ratio of at least about 1 .7, preferably at least 
about 1.75, more preferably 1.75 to 2J5. 

Regardless of the catalyst or conditions employed however, the high 
proportion of normal paraffins in die product produced by the Pischer-Tropsdi 
process must be converted firom waxy hydrocarbon feeds into more useable 
products, such as transportation fuels. Thus, conv^on is accomplished 
primarily by hydrogen treatments Involving hydrotteating, hydnasomeiization, 
and hydrocracldng in vMx^ a suitable fraction of the product is contacted with a 
suitable catalyst in the presence of hydrogen to isomerize the fraction by 
converting the molecular structure of at least a portion of the hydrocarbon 
material from normal paraffins to branched iso-paiaffins to form the desired 
product, as is known to those skilled in the art. 
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Hydroisomerization and hydrocracldng are well known processes for 
upgrading hydrocarbon synthesis products and tlieir conditions can vary widely, 
Hydroisomerization is achieved by reacting the waxy feed with hydrogen in the 
presence of a suitable hydoisomeiization catalyst. While many catalysts may be 
satisfactory for this step, some catalysts perform better than others and are 
preferred. For example, applicants preferred hydroisomerization catalyst 
comprises one or more Group VIII noble or non-noble metal components, and 
depending on the reaction conditions, one or more non-noble metals such as Co, 
Nl and Fe, which may or may not also include a Group VIB metal (e.g.. Mo, W) 
oxide promoters, supported on an acidic metal oxide support to give the catalyst 
both a hydrogenation and dehydxogenation function for activating the 
hydrocarbons and an acid function for isomerization. However, noble metals 
reduce hydrogenolysis, particularly at lower temperatures and will therefore be 
preferred for some applications. Preferred noble metais are Pt and Pd. The 
catalyst may also contain a Group IB metal, such as copper, as a hydrogenolysis 
suppressant- The cracking and hydrogenating activity of the catalyst is 
determined by its specific composition- The metal Groups refrared to herein are 
those found in the Sargent-Welch Periodic Table of the Elements, copyright 
1968. 

The acidic support is preferably an amorphous silica-alumina where the 
silica is present in amounts of less than about 30 wt %, preferably 5-30 wt %, 
more preferably 10-20 wt %. Additionally, the silica-alumina support may 
contain amounts of a binder for maintaining catalyst integrity during high 
temperature, high pressure processes. Typical binders include silica, alumina. 
Group rVA metal oxides, e.g., zirconia, titania, various types of clays, magnesia, 
etc., and mixtures of the foregoing, preferably alumina, silica, or zirconia, most 
preferably alumina. Binders, when present in the catalyst composition, make up 
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about 5-50% by weight of the support, preferably 5-35% by weight, more 
preferably 20-30% by weight 

daracteristics of the support preferably include surface areas of 200-500 
/gm (BET method), preferably about 250-400 /gm- and ^^^^ 
less ihm I ml/gm as determined by water adsoiptioa pref^bly in the range of 
about 0.35 to 0.8 m/gra, e.g., 0. 57 ml/gm. 

The metals may be incorporated onto the support by any suitable method, 
and the incipient wetness technique is preferred. Suitable metal solutions may be 
used, such as nickiel nitrate, copper nitrate or other aqueous soluble salts. 
Preferably, the metals are co-impregnated onto the support allowing for intunate 
contact between the Group Vm metal and the CSroup IB metal, for ^tample, the 
formation of bimetallic clusters. The impregnated support is then dried, e.g.. 
over night at about 100<'-150° C, foUowed by calcination in air at tempeiatiiies 
ranging from about 200*-550* C, preferably 350--550" C, so that there is no 
excessive loss of surface area or pore volume. 

Group vm metal concentrations of less than about 15 wt % based on total 
weight of catalyst, preferably about 1-12 wt %, more preferably about 1-10 wt % 
can be employed. The Group IB metal is usuaUy present in lesser amounts and 
may range from about a 1:2 to about a 1:20 ratio respecting the Group Vm 
metal. 



Nevertheless, the Fischer-Tropsch derived distillates that may be used I 
the blends of this invention include distillates recovered from the Hscher- 
'ftopsch reactor, whether or not hydrotreated, Le,, hydrogen treatments in the 
presence of a suitable catalyst, including but not Hmited to, one or more of 
bydrotreating, hydroisomerization, dewaxing and hydrocracldlig, as well as 
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distillates recovered from fractionating the wax containing product frpiij tiie 
Fischer-Tropsch reactor, whether or not hydrotreated. However, a prefened 
Fischer-Tropsch derived distillate comprises a distillate ftacdon derived from 
any hydroisomodzed wax containing Fischer-Tropsch feed utilizing any suitable 
hydroisomerization catalyst under standard hydroisomerization conditions 
commonly known in the art. 

Preferably, the Hscher-Tropsch derived hydrocarbon distillate has a T95 
of at least 600TF, more preferably the Fischer-Tropsch derived distillate has an 
initial boiling point of at least 300** F and a T95 of at least even more 
preferably an initial boiling point of at least 320T and a T95 of at least 700-750** 
F and contains: 

Sulfur, nitrogen < 10 wppm, preferably < 5 wppm, more 
preferably < 1 wppm, 

Aromatics < 1 wt %, preferably < 0.1 wt %, more preferably 

undetectable by ASTM D-5292 

Cetane number > 65, preferably > 70, 

The conventional petroleum derived fuel may be any conventional low 
sulfur diesel fuel, i.e., low sulfur No. 2-D diesel fuel as specified in ASTM D- 
975-98b, which may be derived from crude oil by conventional petroleum 
processing or from slack wax or from other feed stocks, and is characterized as 
an undercut diesel fuel, thai is, a fuel that has a final cut point below the boiling 
range of a typical diesel fuel. Preferably, the undercut conventional blend stock 
of this invention has a T95 no greater than 640^F, preferably a T95 below 600** 
F. However, because sulfur level increases with boiling point, cut points may be 
varied, i.e., decreased, to achieve desired sulfur levels in the conventional blend 
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Stock. In this way, sulftir levels of the final blend may be controlled based on 
the final cut point of tbe conventional diesel blend stock. 

A better illustration of the preferred enibodiments of this invention may 
be had by the following comparisons and examples. 

A diesel fuel blend was prepared by comMning an undercut couvendonal 
low sulfhr No. 2-D diesel fuel (ASTM D975-98b) with a Fischer-Tropsch 
deiived diesel fiiel blend stodc 



The Kscher-Ttopsch distillate blend stock was prepared as follows: 

A 300° F+ Fischer-Tropsch derived wax containing feed was nm through 
two 0.5 in. up-flow fixed bed reactors, Rl and R2, connected in series and 
contained within an isothermal sand bath where the product of the first reactor 
(Rl) was fed directly into the reaction zone of the second reactor (ftZ). 

Rl contafaied 80 cc (44.7 gms) of a commercially available 
hydtoisomerization catalyst comprising 0.5 wt% Pd on a silica-alumina support 
containing nominally 20 wt % alumina/80 wt% silica and 30 wt% alumina 
binder. R2 contained a catalyst blend containing 29 cc (16.2 gms) of a 
commercially available dewaxing catalyst comprising 0.5 wt% Pt on an 
extradate containing Theta-1 zeoHte (TON) and 51 cc (27.5 gms) of the 
hydroisomerizadon catalyst contained in Rl. The extradate was crashed and the 
-8, +20 mesh used to load a portion of the fixed bed reactor. There was no 
treatment or interstage sttippmg of the hydroisomerized product of Rl prior to 
feeding into R2. 
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The 300° F+ wax feed was run througji Rl running at conditions that 
result in about 50% conversion of the 100" F+ material to 700° F- and dewaxing 
was run through R2 to achieve a cloud point less than -20* C. The isothermal 
reactor conditions were as foUows: 715 psig, 1650 SCF/Bbl hydrogen treat rate 
at 0.854 LUSV and a temperature of approximately 606** F. 

Product distribution from the process detailed above is shown in Table 1 
below and the boiling point cuts used in the Fischer-l^psch blend stock are 
indicated as FUel 1 . The feed was obtained by reacting hydrogen and CO over a 
Fischer-Tropsch catalyst comprising cobalt and rhenium on a titania support In 
particular. Fuel 1 comprised a 300-800" F Hscher-Tropsch derived hydrocarbon 
distillate fraction. 

TABLE 1 



BOILING RANGE 


YIELD. Wr% 


FUELl 


IBP-280«»F 


10.492 


No 


280-300°F 


2.744 


No 


SOO-TOO^F 


53.599 


Yes 


700-800°F 


10.016 


Yes 


800°F+ 


23.149 


No 



By virtue of using the Hscher-Tropsch piocess, the Fischer-Tropsch 
derived distillate has essentially nil sulfur and nitrogen. Ftoiher, the process does 
not make aromatics and polyaromatics, or as usually operated, virtually no 
aromatics are produced. Some olefins and oxygenates may be produced since 
one of the pathways for the production of paraffins is through an olefinic 
Intennediate. Preferably, olefin concentration in the Fischer-Tropsch derived 
distillate is less than 10 vol %, more preferably less than 5 vol %, even more 
preferably less than 1 vol % (ASTM D-2710). Nevertheless, olefin and 



wo 01/83406 . 

o ^ 

-10- 



wo 01/83406 



PCT/USOl/10857 



-11- 

oxygenatfi concentration are relatively low, and essentially nil after 
hydrotreatm^L 

The undercut conventional diesel ftiel was a U.S. No. 2-D low sulfur 
diesel fuel (ASTM D975-98b). In particular, the conventional diesel fuel 
comprised an undercut diesel fuel which has a nominal boiling range of about 
320-640° F and is indicated as Fuel 2. Sulfur levels listed in Table 2 were 
determined using ASTM D-2622. 

TABLE_2 



BOILING RANGE 


YIELD, WT% 


FtJEL2 


Sulfur, wf>pm 


IBP-600*F 


61.43 


Yes 


22 


600-625°F 


11,48 


Yes 


238 


625-640°F 


6.03 


Yes 


685 


640-650T 


3.81 


No 


1054 


650-660T 


4.44 


No 


1632 


660-675^ 


9.69 


No 


1834 



The entire conventional diesel (IBP-675" F) qualifies as a low sulfur 
diesel, i.e,, the sulftar levels are < 0.05% of the total fuel by weight, as 
designated in ASTM D975-98b and contains 417 wppm of sulfin:, whereas the 
undercut diesel (ffiP-640* P). Fuel 2, contains only 104 wppm. Thus, as 
aiustrated from the ftactions contained in Table 2, sulfur level increases with 
boiling range. 

A 50/50 blend of the heavy Fischer-Tropsch diesel (Fuel 1) and the undercut 
conventional diesel (Fuel 2) was prepared for engine testing and is indicated as Fuel 
3. 
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For emissions testing, the combined fuel blend was compared with two 
conventional petroleum diesel fuels referred to hereafter as Fuel 4 and Fud 5. 
Fuel 4 was a U.S. No 2-D low sulfur diesel fuel (ASTM D975-98b) and Fuel 5 
was a European Low Sulfur Automotive diesel (LSADO). Table 3 below 
provides a comparison of the relevant charact^tics for Fuels 3-5. 

TABLES 



PROPERTY 


FUELS 


FUEL 4 


FUEL5 


DodSity (IP-365) 


.8090 


.846 


.854 


Sulfur, %CRD8G/10) 


<0.1% 


0.04% 


0.05% 


IBP, (ASTMD-86) 


179 


197 


184 


T50,'*C(ASTMD^6) 


280 


294 


288 


T95,''C(ASTMD.86) 


355 


339 


345 


Cetane (ASTm:o-613) 


61.5 


53.0 


50.1 


Aromatics, total % 


14.6 


27.9 


26,7 










PolyaromatiLcs, % 


0.8 


7.1 


6.4 


(IP-391) 








Cloud Point, *C 


-19 


-6 


-5 


(ASTM D.S771) 








CFPP, "C ap.309) 


-26 


-7 


-18 
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Each standard analytical tedmique used to determine the components of 
Fuels 3-5 is shown in parentheses. Table 3 illustrates that the blend of the 
invention has significantly lower sulfur levels as conipared to eadi of the 
conventional fuels. 

ENGINE TESTING 

For comparison, the blended diesel fuel of the invention (Riel 3) was 
compared with the conventional petroleum fuels. The fuels were evaluated with 
a Peugeot 405 Indirect Injection (DDI) light duty diesel engine. Regulated 
emissions were measured during hot-start transient cycles and emissions of 
hydrocarbons (HQ, carbon monoxide (CO), nilroiis oxide (NOx) and particulate 
matter (PM) were measured. The results are sununarized in Table 4 below. Test 
data is represented as the absolute value in gm/Hp-hr which is followed by the 
pCTcent change for each emission value verses the base. Fuel 5; a conventional 
petroleum diesel fuel. All fuels were run through the combined Urban Drive 
Cycle and Extra Urban Drive Cycle (commonly known as ECE-EUDC 
respectively) hot and cold test protocols in duplicate in a randomized design. 

"Hie light duty European test cycle is performed in two parts: 

ECE: this urban cycle represents inner city driving conditions after a cold 
start with a maximum speed of 50 km/h, and 

EUDC: the exlra-urban driving cycle is typical of suburban and open road 
driving behavior and includes speeds xq) to 120 km/h. Hie data is based on the 
combined emissions of the ECE and EUDC cycles expressed in g/km. See SAE 
Papers 961073 and 961068. 
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Fuel 5 was used as the reference and tiverefore run in triplicate; all other 
fuels were run in duplicate, "Hie data refwesents the average values fix)m the 
combination of the ECE-EUDC test procedures ("combined ECE-EUDC" 
reporting method). 

TABLE 4 





m 


Delta 


NOx 


Delta 


GO 


Delta 


m 


Delta 


Fuels 


0.05 


-55.8% 


0.58 


-13.1% 


0.43 


-41.8% 


0.045 


-41.3% 


Btael4 


0.103 


-12.5% 


0.644 


-3.4% 


0,650 


-11,6% 


0.076 


-1.5% 


Riel5 


0.118 


baas 


0.669 


basis 


0.736 


basis 


0.077 


basis 



The data revealed significandy lower emissions produced fcom applicants' 
dlesel ftiel blend. Fuel 3, than observed with either of the conventional diesel 
fuels (Fuels 4 and 5). In particular, applicants blend. Fuel 3 produced emissions 
with a 55.8% decrease in hydrocarbons* 4L8% decrease in carbon monoxide, 
13.1% decrease in nitrogen oxides and 41.3% decrease in particulate matter as 
compared to the base conventional diesel fuel. However, a closer review of the 
data shows that the fuels of this invention have a substantial advantage in 
particulates and nitrogen oxides emissions above that which would be expected. 
See SAE 961074 and 961075. In this regard, it is weU known in the art that the 
most critical emissions parameter for a diesel fuel is the PM-NOx trade-off, i.e., 
there is a known inverse relationship between particulate matter and NOx. See 
SAE 961074 and 961075. Thus, in regard to emissions, decreasing one variable 
will normally result in increasing the other variable. 

Table 5 below details the predicted changes for light duty (i.e., passenger 
car) diesel engines according to the well recognized Biuropean Program on 
Emissions, Fuels and Engine Technologies (EPEFE) smdy in Europe undertaken 
by the government, auto and oil companies to define the relationship between 
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fuel properties and emissions based on variables in dwsity, cetane nnmber and 
T95; see SAE Paper 961073, Tables 3 through 6. The left hand column indicates 
the two pollutants (particulate matter and nitrogen oxides) along with the 
changes in absolute emissions in g/Hp-hr and percent change (% 
increase(positive) or % decrease(negative)) for each of the four fuel 
characteristics shown at the top of the columns. The emission change (in g/Hp- 
hr and percent) is based on a deviation of one of the four fuel characteristics as 
shown in parenthesis. For example, if the T95 was lowered by 55* C, the 
particulate emissions would decrease by 6.9% while the NOx would increase by 
4.6%. 







TABLE 5 








Density 


Polyaromatics 


Cetane 


T95 




(-0.027) 


(-7%) 


(+8 numbers") 


(-55C) 


Particulate 








g/Hp-hr 


^.012 


•^.003 


0.003 


-0.004 


% 


-19.4% 


-5.2% 


5.2% 


-6.9% 


NOx 










g/Hp-hr 


0.008 


-0,019 


-0.001 


0.026 


% 


1.4% 


-3.4% 


-0.2% 


4.6% 



Table 6 below was produced by combmlng the published results of Table 
5, with the properties measured in Table 3 and the emissions results of Table 4. 
The resulting test data indicates the expected change in emissions as projected 
by the EPEFE equations versus the actual changes measured during emissions 
testing on each of the ftiels listed in Table 5, Agahi, all results are referenced to 
Riel 4 as the base ftael. 
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TABLE 6 



Pollutant 



Fuel 4 vs. 5 



Fuel 3 vs. 5 



Particulate 



Projected 
Actual 



-3.9% 
-1.5% 



-27.7% 
-43.1% 



NOx 



Projected 
Actual 



1.2% 
-3.4% 



1.4% 
-13.1% 



Fuel 4, the conventional fuel, shows very close agreement with the 
predictions differing by only a slight amount with particulate emissions 2.4% 
C3.9%^"1.5%) worse than expected and NOx 4.6% (1.2%""3,4%) better than 
expected. For Fuel 3, the contrast from Fuel 5, the base fuel, is quite different 
and unexpected. In fact, applicants' diesel fuel blend exceeded the performance 
predicted for particulate emissions (55.6% above projection [C43.1%-" 
27.7%)/J277]) while at the same time dramatically decreasing NOx 
emissions(l036% above projection [(1.4%--13.1%)/.014). According to these 
projections, an improvement in particulate emissions is esqpected for Fuel 3 and 
the above data not only bears this prediction out but exceeds it In addition, the 
EPEEE predictions predict a slight increase in NOx. However, in contrast to this 
prediction, the data reveals that applicants' diesel fuels resulted in a substantial 
reduction in die NOx emissions above the predicted value. Thus, applicants 
diesel fuels simultaneously result in both large NOx and particulate emissions 
reductions. Such results are unexpected and directly contradictory to the well 
recognized predictions. 

In the claims hereinafter, sulfur is to be measured by x-ray fluorescence, 
for exanq>le as described in ASTM D-2622; cetane is to be determined using 
ASTM D-613; density is to be measured by D-4052; and T95 is to be determined 
byASTMD-86. 
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(XAIMS: 

1. A diesel fuel blend comprising 

a Fischer-Tropsch derived hydrocarbon distillate having a T95 of at 
least 600" F, and 

a petroleum derived hydrocarbon distillate having a T95 no greater 

than640*F 

wherdn the blend has a sulftir content less tiian 500 wppm. 

2. The fuel blend of daim I wh^cdn the blend has an initial boiling 
point of at least 280* F and a T95 below about 700" F. 

3. The fuel blend of claim 1 whacein the blend has an initial boiling 
point of at least 300* F and a T95 below about 680° F. 

4. Hie fuel blend of claim 1 wher^n the bl^ has an initial boiling 
point of at least 320" F and a T95 below about 640» F. 

5. Hie fuel blend of daim 1 wherein the Fischer-Tropsch derived 
hydrocarbon distillate has an initial boiling point of at least 300** F and a T95 of 
at least 650° F. 

6. The fuel blend of claim 1 wherein the Hscher-IVopsch derived 
hydrocarbon distillate has an initial boiling pmnt of at least 320° F and a T95 of 
at least 700* F. 



7. The fuel blend of claim 1 wherdn the petroleum derived 
hydrocarbon has a T95 below 600° F. 
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8. The fuel blend of claim 1 wherein the blend has a sulfur cxintent of 
less than 150 wppm. 

9. The iFuel blend of claim 1 wherein the blend has a sulfur coirtent of 
less than 50 wppm. 

10. The fuel blend of claim 1 wherein the blend has a sulfur content of 
less than 30 wppm. 

1 1. The fuel blend of claim 1 wherein the Hscher-Tropsch dlsiillate 
comprises 5-90 voL % of the blend and petroleum distillate comprises 90-5 
vol % of the blend. 

12. The foel blend of claim 1 wherein the Hscher-Tlropsch distillate 
conq)rises 20-80 voL % of the blend and the petroleum distillate comprises 80- 
20 vol. % of the blend. 

13. The fuel blend of claim 1 wherein the Fischer-Tropsch distillate 
comprises 30-80 vol. % of the blend and the petroleum distillate comprises SO- 
SO vol. % of the blend. 

14. Hie fuel blend of clahm 1 whwein the blend contains less than or 
equal to 1 1 wt % polyaromatics and a cetane numb^ of at least 50. 

15. The fuel blend of claim 14 wherein the blend contains less than or 
equal to 5 wl % polyaromatics. 



16. The fuel blend of claim 15 wherem the blend contains less than or 
equal to 1 wt. % polyaromatics. 
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17. The fuel blend of claim 14 wherein the blend has a density ranging 
from about 0.79 to about 0.85. 

18. A method of producing a low sulfur fuel useful as a diesel fuel with 
low emissions after combustion from a petroleum derived hydrocarbon distiHate 
having a T95 no greater than 640° F, comprising blending said petroleum 
distillate with a Fischer-'ftopsch derived hydrocarbon distillate having a T95 of 
at least 600* F, wherein the Fischer-Tropsch distillate comprises 10-90 vol. % of 
the blend and the blend has a sulfur contoit of less than 500 wppOL 

19. The method of claim 18 wherein the blend has a sulfiir content of 
less than ISO wppm. 

20. The method of claim 19 whetdn the blend has a sulfur content of 
less than 50 wppm. 

21 . The method of claim 20 wherein the blend has a sulfur content of 
less than 30 wppm. 

22. The method of claim 18 wherein the blend has an initial boiling 
point of at least 280" P and a T95 below about 700" F. 

23. The method of claim 1 8 wherein flie blend has an initial boiling 
point of at least 300° F and a T95 below about 680* F. 

24. The method of claim 1 8 wherein the blend has an initial boiling 
point of at least 320" F and a T95 below about 640' F. 
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25. The method of claim 18 wherein the Fischer-Tropsch derived 
hydrocarbon distillate has an initial boiling point of at least 3Q(f F and a T95 of 
at least 650** R 

26. Tht method of claim 18 wherein the Fischer-Tropsch derived 
hydrocarbon distillate has an initial boiling point of at least 320** F and a T95 of 
at least VOO^^F- 

27. The method of claim 18 wherein the FischCT-Tropsch distillate 
comprises 5-90 vol. % of the hl&ad and the petroleum distillate comprises 90-5 
voL% of the blend. 

28. The method of claim 18 wherein the Fischer-Tropsch distillate 
comprises 20-80 vol. % of the blend and the petroleum distillate comprises 80- 
20 vol. % of the blend. 

29. The method of claim 18 wherein the Fischer-Tropsch distillate 
comprises 30-80 vol. % of the blend and the petroleum distillate comprises 80- 
30 vol. % of the blend. 

30. Hie method of claim 18 wherein the blend contains less than or 
equal to 1 1 wt % polyaromatics and a cetane number of at least 50, 

3 1 . The method of claim 30 wherein the blend contains less than or 
equal to 5 WL % polyaromatics, 

32. The method of claim 3 1 wherein the blend contains less than or 
equal to 1 wt. % polyaromatics. 
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